Using an in vitro method, some factors affecting the attachment of a strain of lactobacillus to chicken crop epithelial cells have been studied. Time of contact beyond 10 min, pH value, age or growth temperature of the bacterial culture, or nature of the energy source in the growth medium had little or no effect on attachment. Heating to roo "C for 10 min, or treatment with EDTA or surface active compounds was also without effect. Treatment with sodium periodate markedly decreased adhesion, proteolytic enzymes had a smaller effect but wheat germ lipase was completely inactive. The pronounced inhibition of adhesion by periodate suggested the involvement of carbohydrate. However, enzymes known to attack carbohydrate substrates were inactive in reducing adhesion. Concanavalin A, which binds specifically to certain sugar residues, reduced attachment. It is sug-
gested that these concanavalin A receptors on the lactobacillus are responsible for its attachment to crop epithelial cells.
I N T R O D U C T I O N
In recent years there has been increasing interest in the phenomenon of microbial attachment to surfaces as an ecological determinant. In particular the work of Gibbons & Van Houte (1971) has shown the central role that adherence to epithelial cells plays in colonization of the buccal mucosa. Another example is provided by the population of lactobacilli which attaches to the epithelial lining of the chicken crop (Fuller, 1973) . This ability to attach is restricted to certain biotypes isolated from birds ; lactobacilli from other sources fail to adhere (Fuller & Turvey, 1971) . It can reasonably be assumed that as with oral streptococci (Ellen & Gibbons, I 974, this attachment depends on specific adhesion determinants on the surface of the bacterium. This paper reports some studies on the nature of the surface component which determines whether a particular strain of lactobacillus will adhere to crop epithelium.
METHODS
Bacteria2 strains. Lactobacillus strain 59, which attaches to chicken crop epithelium, was used for most of the work. It was isolated from the crop wall of a 3-month-old chicken and belongs to physiological group B as described by Fuller (1973) . Strains 2 and 6 also adhere to crop epithelium and belong to physiological groups G and A, respectively. The three nonadhering organisms were supplied by Dr M. E. Sharpe of this Institute. (Cruikshank, 1972) . Crop epithelial cells were collected from starved chickens by scraping the crop wall with the edge of a glass slide and suspending the scraping in PBS. The two suspensions were mixed to give a final ratio of 50 bacteria to one epithelial cell. After rotating (16 rev./min) at 37 "C for 30 min, a sample was withdrawn and examined under phase-contrast illumination and the number of bacteria attached to each of ten epithelial cells was counted.
Eflect of varying test conditions and culture conditions on adhesion. The effects of varying the time of contact, the temperature at which the test was conducted and the pH of the suspending medium were examined using the test described above. Acetate buffer (0.1 M) was used for pH values of 4 and 5, and phosphate buffer (0.1 M) for pH values of 6, 7 and 8.
The adhesion index was calculated as the number of bacteria attached to each epithelial cell, expressed as a percentage of the highest number recorded for any treatment in the group in which that variable was examined.
Characterization of adhesion determinant. The nature of the adhesion determinant on the bacterium was studied by pre-treating strain 59 with substances which specifically degrade or block sites on the bacterial surface. The materials and conditions under which they were tested were as follows: EDTA (BDH), 4-5 % (w/v) in distilled water, mixed with epithelial cells also suspended in 4.5 % EDTA and tested immediately; chicken bile, freshly collected and used undiluted; Lissapol (ICI), 0.1 % (v/v) in distilled water; dodecyl benzene sulphonic acid (BDH), 0-I % (w/v) in distilled water ; lysolecithin (Koch-Light Laboratories Ltd, Colnbrook, Buckinghamshire) in 0-1 M-phosphate buffer at pH 7-5 ; sodium periodate (BDH), 10 mg/ml in PBS; trypsin, 2 mg/ml in 0-1 M-phosphate buffer at pH 8.0; wheat germ lipase, 2 mg/ml in 0.1 M-acetate buffer at pH 5.0; protease, 0.2 mg/ml in 0.1 M-phosphate buffer at pH 7-5; pepsin, 0.2 mg/ml in citrate (0.0446 M) phosphate (0-or08 M) buffer at pH 2.6; P-glucuronidase, I390 unitslml in 0.1 M-acetate buffer at pH 5.0; a-glucosidase, 3 mg/ml in 0.1 M-phosphate buffer at pH 6.8; P-glucosidase, 10 mg/ml in 0-1 M-acetate buffer at pH 5.0; neuraminidase, 5 mg/ml in calcium acetate saline (Ada & Stone, 1950) at pH 6.2; a-amylase, 10 mg/ml in 0.1 M-phosphate buffer at pH 6.9; lysozyme, 0.2 mg/ml in 0-1 M-phosphate buffer at pH 6.2; dextranase, 0.4 mg/ml in 0.1 M-acetate buffer at pH 5.0; hyaluronidase, 10 units/ml in 0.1 M-acetate buffer at pH 5.0. Unless otherwise stated, all reagents were obtained from Sigma. All reagents were in contact with the bacteria for 4 h at room temperature and, except for EDTA, at the end of the contact time the bacteria were washed twice in PBS and then tested in the standard attachment test. Control treatments in which the bacteria were in contact with the appropriate suspending fluid were always included.The adhesion index was calculated as the number of bacteria attached per epithelial cell, expressed as a percentage of the number attached in the control. Positive results (i.e. those showing more than 50 % reduction of adhesion) were repeated at least once.
Preparation of monovalent concanavalin A. Concanavalin A (conA), from Sigma, was converted to the monovalent form by digestion with chymotrypsin (Sigma) according to the method described by Steinberg & Gepner (1973) .
Carbohydrate analysis. The method of Dubois et al. (1956) was used and carbohydrate estimated by measuring the absorbance at 490 nm.
Agglutination by concanavalin A . Agglutination of lactobacilli by conA was examined by
Lactobacillus adhesion determinant 247 Carbon source in growth medium suspending bacteria in 0.1 M-phosphate buffer pH 7-5 to give a concentration of about ro8/ ml. One volume of this suspension was added to an equal volume of conA solution (0.2 mg/ ml in 0.1 M-phosphate buffer pH 7-5) and left at room temperature. Agglutination was detected microscopically within 4 h and visible agglutination developed overnight.
R E S U L T S

Efect of test conditions on adhesion
None of the parameters examined had any marked effect on the adhesion of the lactobacillus to crop epithelial cells (Table I) . Attachment was rapid and was not increased by incubation beyond 10 min contact time. Temperatures between 4 and 45 "C and pH values between 4 and 8 were also without effect. Attachment at a temperature of 4" C or at pH 4 indicates that active metabolism of the bacterium is not a prerequisite for adhesion. 
Eflect of culture conditions on adhesion
The effect of manipulating the conditions under which the culture was grown was examined ( Table 2 ). The age of the cultures tested ranged from 3 to 24 h, which included exponentialphase organisms (3 and 6 h) and stationary-phase organisms ( 1 2 and 24 h). All adhered equally well. Although growth occurred in MRS medium at 24 and 30 "C there was strong autoagglutination which made quantitative assessment of adhesion impossible. Growth at 37 and 45 "C was normal but there was no marked difference in adhesion. There was no growth at 50 "C. The effect of growing the lactobacillus in media containing different carbon compounds as sole energy source was studied. Five energy sources which the lactobacillus could utilize were tested but with the possible exception of mannitol little difference in adhesion was detected.
Char act erizat ion of adhesion determinan t The adhesion determinant on the lactobacillus was heat stable, there being little reduction in adhesion even after heating to IOO "C for 10 min. EDTA and the surface active compounds tested also had no effect on adhesion (Table 3) . In an attempt to characterize the determinant on the bacterium, strain 59 was treated with sodium periodate, trypsin or wheat germ lipase ( Lactobacillus adhesion determinant 249 enzymes known to attack carbohydrate substrates. However, none of those shown in Table 4 had any marked effect.
The inhibition with trypsin, though small, was reproducible, and protease and pepsin were found to be even more active. Concanavalin A agglutinated three strains of lactobacilli which adhered to crop epithelial cells in vitro, but failed to agglutinate three non-adhering strains. This was further investigated by attempting to prevent adhesion by blocking the sites on the bacterial surface with conA. Unfortunately, this agglutinated the bacteria so that quantitative assessment of adhesion was impossible. Monovalent conA was therefore made by chymotrypsin digestion. When this was used to pretreat the bacteria they lost their conA agglutinability, showing that the monovalent conA had saturated the binding sites. Treatment of lactobacilli with monovalent conA markedly reduced adhesion.
The identification of the adhesion determinant as a conA receptor was at odds with the finding that proteolytic enzymes decreased attachment. However, cultures released carbohydrate during pepsin treatment. The increase in 490 nm-absorbing material on pepsin digestion ranged from I 15 to 213 % of that released by organisms suspended in buffer.
Moreover, conA precipitated the carbohydrate released, showing free conA receptors to be present.
D I S C U S S I O N
The chicken crop contains a characteristic microflora consisting predominantly of lactobacilli with smaller numbers of coliforms and streptococci (Smith, 1965) . If the lactobacilli are eliminated by penicillin there is a great increase in the numbers of coliforms in the crop (Fuller, 1973) . Thus the maintenance of the lactobacilli in this dominant position is essential for the development of a balanced crop microflora. The presence of large numbers of lactobacilli in the crop is ensured by the ability of certain biotypes to attach to the crop wall. The determinants involved in this adhesion are carbohydrate, as shown by their susceptibility to oxidation with sodium periodate and their binding to conA.
Thin sections of lactobacilli attached to crop wall when stained with ruthenium red showed that carbohydrate is organized as a layer outside the wall and has thin filaments extending from it to the surface of the epithelium. The primary site of adhesion is at the point where the ruthenium red-stained layer makes contact with the epithelium. The filaments are not essential for adhesion, because stationary-phase organisms do not possess them and yet still attach. The filaments may reinforce the primary attachment (Brooker & Fuller, 1975) . Staining of thin sections with a conA-peroxidase conjugate has confirmed the existence of conA binding sites on the surface of the lactobacillus (B. E. Brooker and R. Fuller, unpublished data) .
The inhibition of adhesion by proteolytic enzymes as well as by periodate may point to glycoprotein involvement or may be due to the hydrolysis of a layer of protein under the carbohydrate which frees the latter from the wall. The release of carbohydrate and conA binding material after proteolysis shows that protein per se is not the determinant. This susceptibility to more than one enzyme with totally different specificities is not unusual in work of this kind. For example, the adhesion determinants on Streptococcus pyogenes are destroyed by both trypsin and wheat germ lipase (Ellen & Gibbons, 1974) and in the case of zoospores of Enteromorpha intestinalis adhesion was weakened by proteolytic enzymes and a-amylase (Christie, Evans & Shaw, 1970) .
Although squarnous epithelium lines both the chicken crop and the human mouth, lactobacilli occupy only a subdominant niche in the latter site. Moreover, in the human mouth, streptococci will attach to the vestibular mucosa (Van Houte, Gibbons & Pulkkinen, 1972), whereas they are never seen attaching to crop epithelium. This suggests that even the same
